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Calculation error analysis of cantilever beam of different element types
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(1. College of Aerospace and Civil Engineering, Harbin Engineering University, Heilongjiang Harbin 150001, China;
2. College of Mathematical Sciences, Harbin Normal University, Heilongjiang Harbin 150025, China)

Abstract; To study the error of calculated stress results and real measurement values of the cantilever
beam with different element types and the its influencing factors, firstly, ABAQUS finite element soft-
ware was used to model the shell element and solid element, and the stress value of Mises was calcu-
lated. Then the classical mechanics of materials method was used to calculate the same cantilever
beam under Mises and the resistance strain test method was used to calculate real cantilever stress val-
ues. Finally, the shell element and the solid element of different thickness of the cantilever beam
were used to calculate the Mises stress value. The results show that the Mises stress value calculated
by the solid element is more close to the true value than the shell element. With the increase of the
thickness of the cantilever beam, the accuracy of the calculation results of the shell element is getting
smaller and smaller. For the same thickness of the cantilever beam, the relative error of the calculated
stress value of the shell element at different position of the shell element is a constant.
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Fig.1 Schematic diagram of cantilever beam
model structure
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Tab. 1 Geometric parameters of cantilever beam model
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Fig.2 Sketch of measuring point distribution of

cantilever beam
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Fig. 3 Stress curve of cantilever beam 1 by
using different calculation methods
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Tab. 2 Calculated value and relative error obtained by using different calculation methods on cantilever beam 1

il i1 fE  SREITIE SEEUTIE MRt S SLRETT SEHLIG MR %
/mm B {4/ MPa BA{E/MPa  B{f/MPa /MPa RE/ % RE/ % RIE/ %

1 30 107.581 105. 151 142.17 113.5 -5.215 -17.356 25.260
2 60 103. 498 100. 740 137.11 106. 1 —2.452 -5.052 29.227
3 100 99.091 96. 438 131.91 108.3 -8.503 -10.953 21.801
4 200 88.093 85.735 117.25 90.3 -2.444 -5.055 29.845
5 300 77.095 74.389 102.60 77.6 -0.651 -4.138 32.217
6 400 66.097 62.403 87.94 71.3 -7.297 - 12.478 23.338
7 500 55.099 49.557 73.28 59.1 -6.770 - 16. 147 23.993
8 600 44.101 41.423 58.63 45.5 -3.075 -8.96 28.857
9 700 33.104 31.361 43.97 32.4 2.173 -3.207 35.710
10 800 22.106 20. 658 29.31 23.4 -5.530 -11.718 25.256
11 900 11.108 10.382 14. 66 12.2 -8.951 - 14.902 20. 163
AR R 2 4 HEL Y -4 4.824 9.088 26.879




8 L A W -/ N

i (A % B % W)

20164F

R3BER2 EMHEFEFTEEREMNRE

Tab. 3 Calculated value and relative error obtained by using different calculation methods on cantilever beam 2

il (VA RS W07 NI: 5T 7 2 1y D = O K= 297 R 43 FARHIT SEHLIG MR %
/mm & H/MPa A H/MPa  35{f/MPa /MPa 1%/ % 22/ % TR2E/ %
1 30 118. 609 115.337 153.26 127.16 -6.725 -9.298 20.525 3
2 60 114.221 111.713 148.52 106. 94 6.808 5 4.463 3 38.881 6
3 100 109. 366 106. 909 141. 64 115.47 -5.286 -7.414 22.663 9
4 200 97.227 7 95.037 125.41 97.2 0.028 5 -2.225 29.022 6
5 300 84.846 7 83.172 2 109.3 94.76 -10. 461 -12.229 15.344
6 400 72.951 1 71.307 4 93.32 82.34 —11.403 -13.399 13.335
7 500 60.8129 59.442 6 77.47 60.9 -0.143 -2.393 27.208 5
8 600 48.431 8 47.577 8 61.74 49.21 -1.581 -3.317 25.462 3
9 700 36.536 3 35.713 46.12 38 -3.852 -6.018 21.368 4
10 800 24.398 23.848 3 30.63 25.82 -5.507 -7.636 18.629
11 900 12.016 9 11.983 5 15.26 12.91 -6.918 -7.177 18.202 9
X 15 2 A (L 1) - 37 4.337 6.869 22.785
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Fig. 4 Stress curve of cantilever beam 2 by
using different calculation methods
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Fig.5 Schematic diagram of different thickness
of cantilever section
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Tab. 4 Error of relative solid element of different thickness of cantilever beam in different position shell element

JEJ/mm
=T
B 2.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
200 0.90 2.31 2.25 2.92 3.60 4.28 4.98 5.70 6.41 7.14
400 0.98 2.06 2.00 2.68 3.36 4.04 4.74 5.46 6.18 6.91
600 0. 65 2.06 2.00 2.68 3.36 4.04 4.74 5.46 6.18 6.91
800 1.64 3.04 2.98 3.65 4.33 4.99 5.69 6.40 7.11 7.83
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Fig.6 Error curves of relative solid elements
of cantilever beam shell elements with differ—
ent thickness
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Fig. 7 Error curve of relative solid element of
shell element at different position of canti-—
lever beam

AR 12 BT A 5t , 15 310 i [ 2 S A [R] 07
Ak, ANTR] B JBE ) 8 8 JH 72 B T T B I T (LA R
TSR TT I (B B 1% 22 i £, Al 6 fir
MNo (RIS AAR 2] T, [a]— J5 B2, B A S AN [ o7
Ak B TR 58 BT B8 R (EL ARG T FH S B
JCHH RN AR ZE IR, I 7 B7s

H13 4 151 6 P 7 n] A1, AN[R] IS BE A B 22
FZE BATTIF BN 1 45 AR X T S A s e it 58 0
GERMR AR FE B GRS R B3,

1) FAAS R Boe2 B0 8 et AT B AU
B, WA SR A RS AN —HE . FlFe Hon A
SR BRI RS R AT BB ) 4 SR AR X T
fEL DR/, FErp 5E BT R TR 25 O, S5 K5 BE IR 5
PREATCIR 22/ N T 5% B 5K e ey, il IR T RE 2K

2) B RLREE X T OC B ER BT R %
BN T (RS AN BEA R R (R
TR R BB A

3) R T[] — B JEE 1) B B, e A A
OLG IS FAEAR S T S B C R AR DL 7 (L)
AER 5 22 , 0P T i A [ 6 80 Ak 3 A1 kg —

SE Lk

[1]CAE ji iR skt ABAQUS 6. 12 A7 FRIT/HT A
FIEPRSE [ M. AEst AUl R, 2015.

(2] ) %%, ML, Bk Fa. A RO =4Sk o 552 4
JCHAL G AR AT S [T ). b BB R, 2002, 23
(4):52 -54.

[3 ] ke . 2 428 54 IROT 2 F B on i 58 B9 HE B F 58
[D]. KRR, 2014,

(4] B2, BOAGAE, WHitsh, 55 ABAQUS 7¢ it A [R
JL TR AT FE [T ] SRR 2003(5) 9 -~ 11.

[SIHk J5, SRR, sKEOC. BouR R BRICIHH A &4
A S RE ARG R R [T ] RS OE T2, 2012
(3):10 -13.

(AT i

272)



